This study aimed to determine the influence of specific gravity on properties of oriented strand boards produced with five Eucalyptus species and get linear models between the properties and the densification of the panels. The species studied were: Eucalyptus benthamii, E. dunni, E. grandis, E. saligna, E. urograndis and the mixture between them. The panels were produced with phenol formaldehyde resin and nominal densities of 0,65 g/cm³ and 0,75 g/cm³. The water absorption has an inverse relationship to the density of the panel. The relation between mechanical properties and specific gravity of the panel is directly proportional. The panels produced with the Eucalyptus species showed better properties than those produced with control species (Pinus taeda), except for tensile perpendicular. By means of linear models obtained in this study conditions for each species, it can estimate the specific gravity to produce oriented strand board panels that adequate the standard requirements.
INTRODUCTION
In Brazil, the Eucalyptus is the genus with the largest area of planted forests, with about 5,56 million hectares. In all this area, 46,1% is destined for the coal industry and industrial wood, 42,1% for pulp and paper and just 4,3% for reconstituted panels sector (Associação Brasileira de Produtores de Florestas
OBJECTIVES
This study aimed to determine the influence of specific gravity of OSB produced with five Eucalyptus species on their properties and get linear models between the properties and the densification of the panels.
MATERIALS AND METHODS

Raw material
For this study were used woods of Eucalyptus benthamii, E. dunni, E. grandis, E. saligna and E. urograndis from short rotation plantations with about seven years old, located in Rosario do Sul, Brazil. Were sampled five trees by species, which were cut in logs, after in blocks and then processed to generate Strands.
The particles were produced with nominal dimensions of 80 mm in lenght, 25 mm in width and 0,6 mm in thickness, using a rotating disk chipper with four knives. The particles were dried in a heater at 80°C of temperature to obtain a moisture content of approximately 3%, and then classified manually using a sifter with 9,52 mm of apertures for removal of "fines".
The resin used was phenol-formaldehyde, with solids content of 51,57% and a viscosity of 503 cP in a proportion of 6% solids based on dry weight of the particles. In order to reduce the hygroscopicity of the panels are also used, 1% wax emulsion.
Panels manufacturing
Three panels for each one of the 14 treatments were manufactured, totaling in 42 OSB panels. The panels were produced in the dimensions of 48 cm × 48 cm × 1,2 cm and two densification, 0,65 g/cm³ and 0,75 g/cm³. The percentage of outer and inner layer was of 20:60:20.
The bonding was done through of a compressor and the air spray gun with a dosing container in a rotary drum. After bonding, the particles were oriented to each layer of the mattress perpendicularly, using a guiding box coupled to the forming box with dimensions of 48 cm × 48 cm × 20 cm. After the formation of the mattress a pre-press was performed to remove air and accommodation of the particles.
The mattress was pressed in a hydraulic press at a temperature of 160 °C, specific pressure of 4 MPa and 10 minutes time pressing.
The produced panels were conditioned in a chamber with temperature of 20 °C ± 3 °C and a relative humidity of 65% ± 5% to reach moisture balance. After stabilization of the panels, the samples were prepared and taken back again to the chamber to get the temperature and constant humidity to perform the physical and mechanical tests. vol. 24, núm. 2, e2421114 Summer 2018
Physical and mechanical tests
The physical and mechanical tests were performed following the procedures of European standards: Apparent specific gravity (EN 323:2002) , water absorption (EN 317:2006) All statistical analyzes were performed at 95% significance level, using the software Statgraphics Centurion XV, where models were estimated for each property using linear regression. It can be observed that both to WA 2h as to WA 24h were found high determination coefficient values, indicating that the equations obtained explain satisfactorily the linear relationship between the density of panels and water absorption.
RESULTS
Physical properties
To thickness swelling properties after two and 24 hours, not found linear proportionality relationships with the specific gravity of panels to the obtained data in this study. Table 3 and table 4 Table 5 and table 6 For Internal Bond, the determination coefficient values ranged from 0,4075 to 0,7904, to P. taeda and E. urograndis, respectively.
Mechanical properties of panels
With exception to P. taeda, the models explain more than 50% of results; thus, the trend of internal bond behavior to the Eucalyptus species was better represented with the equations. The low correlation found between specific gravity and internal bonding was also observed by Iwakiri et al. (2008b) , indicating the impossibility of predicting the bond strength based on the specific gravity of the panels at 5% probability of error.
Through of graphs, it was found clearly that WA 2h and WA 24h
to the studied species, showed an inversely proportional relationship the ASG of panels. Furthermore, observed that the panels composed of Eucalyptus species showed less propensity to absorption which the panels produced with control species (Pinus taeda).
According to figure 1, among the species the E. saligna was the that suffered the greatest influence of specific gravity in absorption, showing the highest absorption values in panels with lower density, however, the smaller values in panels with higher densification.
It can be observed in the graphics that the variables MOR and ASG are directly proportional between them, in other words, as higher the specific gravity of panels, a greater Modulus of Rupture tends to be obtained.
To MOE in parallel direction the species showed near, however, a higher data scattering was found to MOE in perpendicular direction; the species E. saligna highlighted with the highest values.
The association between the internal bond and specific gravity of panels according to the graph is of proportionality, thus the resistance accompanied the increase in densification of panels.
DISCUSSION Physical properties
According to the results it can be affirmed that the specific gravity of panel exerts a significant influence on absorption properties; therefore, the higher the specific gravity of panels is, the smaller will be the water absorption. Some authors such, as Melo and Dell Menezzi (2010) , believe that the higher water absorption in panels of lower density has occurred because there is a greater volume of voids that can be occupied by water.
Under the conditions of this study, and through of shown equations, it can obtain panels with water absorption values preestablished working with the variation of the nominal specific gravity according to the species used, but, generally, for obtaining panels with lower indexes of water absorption, the increasing of density of panels is necessary, however, according to Chen, Du and Wellwood (2010) , although, this propertie benefitted from higher panel density, and increasing density means increased manufacturing cost.
The European standard EN 300:2006 does not stipulate maximum values of water absorption to OSB, therefore, it can work with the specific gravity as function of other variables of greatest impact.
Mechanical properties
According with results, the MOR and ASG have a relationship directly proportional, in other words, as higher the specific gravity of panels, a greater Modulus of Rupture tends to be obtained. For internal bond, it is noted that the control species (P. taeda) was highlighted when compared with the other species, it may be linked to fact that P. taeda has a lower wood specific gravity, the main factor contributing to obtaining panels with high compression ratio, high compression ratio value ensures good contact between particles and good densification of panel. Maloney (1993) affirms that a higher compression between particles, the larger amount of resin used effectively between, resulting in good adhesion.
On the other hand, among the species of Eucalyptus, it was observed that the Mix resulted in good internal bond, exceeding the values obtained for each species separately. Thus, it can be affirmed that there was a positive interaction between species, obtaining good results for the property in question.
According to standard EN 300:2006, the minimum acceptable value for internal bond is 0,32 MPa. Through of equations obtained for each species, it is estimated that it can achieve the standard requirement, working under the conditions of this study with specific gravity of panels in the gap of 0,34 g/cm³ to 0,69 g/cm³.
Therefore, through of equations obtained for each species, it is possible to optimize the properties of OSB panels to be produced, making it to achieve pre-determined values by variation of specific gravity of panels.
CONCLUSIONS
Based on the results obtained in this study it can be concluded that:
The water absorption has an inverse proportional relationship with the specific gravity of panel.
The relationship between mechanical properties and specific gravity of panel is directly proportional.
Except internal bond, panels produced with the Eucalyptus species showed better properties than those produced with the control species (Pinus taeda).
For internal bond, the Mix balanced the values emphasizing among Eucalyptus species.
The equations obtained for each species showed a good representation of data with satisfactory determination coefficients.
Through of linear models obtained in conditions of this study for each species, it can be estimated the specific gravity to produce OSB panels that will adequate the European standard requirements.
